Introduction
Chronic lymphocytic leukemia (CLL) is characterized by clonal proliferation and accumulation of mature B-cells, typically co-expressing CD5 and CD23, within the blood, bone marrow, lymph nodes, and spleen. 1 The disease primarily occurs in elderly patients and has a very heterogeneous course. 2 According to current guidelines, patients with an inactive, early stage CLL (Binet A/B or Rai 0-II) should undergo active surveillance, while therapy needs to be started in patients with advanced or active disease. 3 Until recently, the standard treatment approach to CLL was based on anti-CD20 antibody-containing immunochemotherapy. However, even if prolonged remissions could be initially obtained in a proportion of patients, eventually the disease develops refractoriness to such therapy. Major progress in treating relapsed or refractory CLL has recently been achieved by the development of a novel class of drugs: B-cell receptor signaling inhibitors, including ibrutinib (Imbruvica; Janssen Cilag, Beerse, Belgium). Ibrutinib is a first-in-class, oral, once-daily therapy that inhibits Bruton's tyrosine kinase (BTK). 4 This kinase is a member of the Tec kinase family and a key molecule in the B-cell receptor signaling complex, playing an important role in the survival and spread of normal B cells. 5 It was found that this kinase also affects the maintenance and expansion of various B-cell malignancies, including CLL. 5, 6 Clinical trials on ibrutinib in relapsed or refractory and treatment-naïve CLL patients have been very promising and led to the drug being approved in the USA and EU. 4, [7] [8] [9] [10] Furthermore, data from several clinical trials has shown that ibrutinib is generally well-tolerated. 4, [8] [9] [10] The most common adverse events were mostly mild (grade 1-2). 4, [7] [8] [9] [10] The prevailing ibrutinib-related adverse events included diarrhea, fatigue, cough, edema, upper respiratory tract infections, arthralgia, rash, fever, and mild hematological toxicity. Nonetheless, some unexpected adverse events have also been reported which included mainly hemorrhagic complications and atrial fibrillation. 4, 9, 10 Bleeding, particularly skin-mucosal hemorrhagic diathesis, was found in 20-40% of patients. 4, [8] [9] [10] Atrial fibrillation was the 2 nd unexplained and potentially dangerous side effect, found in 3.5-6.5% of patients treated with ibrutinib (3 times more frequently than in the placebo group). 4, 9, 10 Despite the ability of ibrutinib to induce durable responses in the vast majority of patients along with good treatment tolerance, some patient groups treated within clinical trials have had to discontinue their treatment due to disease progression or drug side effects. Recently, it has been reported that those patients have a very poor outcome. 11, 12 Understanding the potential reasons for discontinuing a new therapy is vital in clinical practice. Our study has therefore analyzed the causes for discontinuing ibrutinib and the subsequent course of the disease in relapsed or refractory CLL patients treated according to the ibrutinib compassionate use program and monitored within the observational study of the Polish Adult Leukemia Study Group (PALG).
Material and methods

Patients
Polish CLL patients treated within a compassionate ibrutinib use program for relapsed or refractory CLL and monitored within observational study by PALG 13 were included if they discontinued ibrutinib for any reason. The inclusion criteria to the compassionate ibrutinib use program for relapsed or refractory CLL patients in Poland were at least one of the following: a) the deletion of the short-arm of chromosome 17 (17p deletion); b) failure of 2 or more previous treatments (at least 1 with a purine analogue such as fludarabine); c) a progression-free interval of less than 24 months from completing treatment with a nucleoside analogue or a bendamustine-containing regimen in combination with an anti-CD20 monoclonal antibody such as rituximab; d) failure to respond to prior chemotherapy-based treatment; e) stable disease or disease progression on treatment; and f) ineligibility for treatment or re-treatment with a purine analogue-based therapy. The prospective observational study assessing ibrutinib efficacy and toxicity in CLL patients treated in the compassionate use program was designed by PALG and approved by the Ethics Committee at the Institute of Hematology and Transfusion Medicine in Warszawa, Poland. 13 The study was conducted in accordance with the provisions of the Declaration of Helsinki and the International Conference on Harmonization Guidelines for Good Clinical Practice.
The clinical data on the course of ibrutinib treatment was collected anonymously using electronic Case Report Forms (CRFs). The causes of discontinuation of ibrutinib as reported by treating physicians were analyzed. Patients who died while continuing ibrutinib therapy were also included in the analysis irrespective of the cause of death. The criteria of the National Cancer Institute Common Terminology Criteria for Adverse Events v. 4.0 were used to grade toxicity, except for hematologic toxicity cases which were evaluated using the International Workshop Group on CLL (IWCLL) criteria. 14
Statistical analysis
The duration of ibrutinib therapy was measured from the starting date of ibrutinib to the date of discontinuing ibrutinib. The overall survival (OS) plots were generated according to the Kaplan-Meier method using time intervals from the date of discontinuing ibrutinib to the date of death or last follow-up. The log-rank test was used to compare survival in groups of patients discontinuing ibrutinib for different reasons. A p-value below 0.05 was considered statistically significant. All analyses were performed with Prism v. 6.0 software (GraphPad, La Jolla, USA).
Results
With a data cut-off set at June 2017, 37 (22.4%) of 165 patients monitored in the PALG observational study discontinued compassionate use ibrutinib therapy. The current median follow-up time in the observational study was 26 months. The discontinuation group consisted of 22 male and 15 female patients with a median age of 64 years (range: 46-84). The median time of ibrutinib treatment in this group was 4.4 months (range: 0.2-25.2). Baseline characteristics of these patients at the time of starting ibrutinib and response to ibrutinib are presented in Table 1 . Importantly, fluorescent in situ hybridization (FISH) cytogenetics was performed in 20 (65%) patients, of whom the 17p deletion was found in 7 patients (19% of the whole group) as compared to 30 patients (18.4%) in the whole study.
The main reasons for discontinuing ibrutinib included adverse events (n = 20, 54%) and disease progression (n = 14, 38%), while 3 patients (8%) stopped treatment due to other causes ( Table 2) . Treatment adverse events predominated as being the cause for ibrutinib therapy cessation and consisted of: pneumonia, upper respiratory tract infection, diarrhea, vomiting, neutropenia, hyphema, bladder cancer, heart failure, exacerbation of chronic obstructive pulmonary disease, ischemic cerebellar stroke, and a suicide committed during an episode of major depression ( Table 2 ). The most common adverse event leading to ibrutinib cessation was severe pneumonia observed in 6 patients or 16% of the discontinuation group. The etiology of pneumonia was identified in only 3 patients, while in the remainder blood culture tests were negative or not performed. Among patients with known etiology, there were 2 cases of pneumonia of bacterial origin (Acinetobacter baumani and Pseudomonas aeruginosa) and 1 case with highly probable fungal infection (Candida glabrata detected in blood culture and the gastrointestinal tract).
In those patients who progressed while on ibrutinib therapy, 2 types of progression could be identified: progression of untransformed CLL and transformation to high grade lymphoma (Richter's transformation -RT). Interestingly, 2 of the patients who had untransformed CLL experienced rare infiltration of CLL into the central nervous system (CNS) that was confirmed with a biopsy. The 1 st patient with CNS involvement died 1 day after discontinuing ibrutinib due to pneumonia and progressive disease. The 2 nd patient with CNS disease failed to respond to further therapy with high-dose methylprednisolone and died 8 months after his ibrutinib therapy was terminated. In the remaining 9 patients with CLL progression without clinical signs of CNS involvement, only 3 received subsequent lines of therapy while a palliative approach ECOG -Eastern Cooperative Oncology Group; CLL -chronic lymphocytic leukemia; FISH -fluorescent in situ hybridization; CR -complete response; PR -partial response; SD -stable disease; PD -progressive disease. was chosen for the other 6 because of poor general status. Of the former 3 treated patients, 1 achieved partial response after 5 cycles of R-CHOP chemotherapy and has remained alive without signs of disease progression within a follow-up of 7 months. The 2 nd patient received 1 cycle of chemoimmunotherapy with rituximab, gemcitabine, carboplatin, and dexamethasone with no response, and then was treated with an inhibitor of 3-phospoinositol kinase idelalisib. Therapy with idelalisib did not, however, prove effective and the patient died due to progressive disease 2 weeks later. The last patient first received 4 cycles of the anti-CD20 monoclonal antibody obinutuzumab in monotherapy with no response. As the second line of treatment, CHOP chemotherapy was administered, but the patient also failed to respond and died 3 months from the day of discontinuing ibrutinib due to CLL progression. Importantly, none of the patients progressing with CLL received venetoclax, as this drug was not available. Richter's transformation was observed in 3 patients. Interestingly, in all these 3 cases the rare type of transformation to Hodgkin's lymphoma was diagnosed. Two had transformed within the first 4 months of starting ibrutinib. One was treated according to the ABVD chemotherapy regimen but with no response. In the 2 nd patient, treatment was not initiated because of poor general condition. Both patients died within 6 months after discontinuing ibrutinib therapy. The 3 rd patient with RT, diagnosed 20 months from starting ibrutinib, has remained alive in remission after high-dose immunochemotherapy and allogeneic stem cell transplantation (alloSCT) at 13 months from discontinuing ibrutinib. A more detailed description of these rare case series is reported elsewhere. 15 Regarding the 3 patients who discontinued ibrutinib for other reasons than CLL progression or adverse events, in 2 the cause was the patient's decision, while in 1 patient the reason for discontinuation was unknown, the patient being lost from follow-up.
By the data cut-off for this report (June 2017), 29 (78.4%) out of 37 patients who discontinued ibrutinib died and 8 have remained alive. The median OS is 2.0 months (95% CI = 0.8-5.5) (Fig. 1) . The major causes of death were disease progression and infections. All mortality causes are summarized in Table 3 . In order to further investigate the potential differences in outcomes of specific patient groups, we compared the survival of patients after discontinuing ibrutinib due to disease progression (untransformed CLL progression or RT) with that of patients who discontinued ibrutinib due to adverse events or other reasons. Interestingly, the median survival was comparable in these 2 patient groups, being respectively 2.0 months (range: 0.2-10.4) and 1.6 months (range: 0.2-16.7) (p = 0.81). (Fig. 2) . Furthermore, no significant differences could be found regarding OS of patients who progressed with CLL as compared to those with RT type of progression, although the case numbers are very low (Fig. 3) . 
Discussion
Knowledge of the patterns of a new anti-cancer therapy discontinuation, including the rate and type of disease progression as well as a profile of severe adverse events, is very important for clinical practice. Herein, we report the outcomes of 37 relapsed or refractory CLL patients who discontinued ibrutinib therapy outside clinical trials. Our analysis confirms a very poor prognosis of such a patient group irrespective of whether the cause of discontinuation was relapse or transformation of CLL or ibrutinib treatment-related complications.
Early reports from clinical trials indicate that the main reasons for discontinuing ibrutinib treatment were severe adverse events and/or confirmation of progressive disease. In a 1b-2 phase, multicenter and open label study, the investigators assessed the safety, efficacy, pharmacokinetics, and pharmacodynamics of ibrutinib 7 which showed that BTK inhibitor therapy had to be halted in 37% of patients. Among the prevailing reasons were progressive disease (13%) and adverse events (8%). Subsequently, 2 reports from single institutions specifically analyzed patient outcomes for those treated with ibrutinib in different clinical trials and who had to discontinue therapy. The 1 st report presented 33 patients participating in various clinical trials with ibrutinib alone or combined with rituximab at the MD Anderson Cancer Center (Houston, USA). 11 In the 2 nd one, Maddocks et al. 12 described 76 patients treated in 4 sequential ibrutinib clinical trials at the Ohio State University Comprehensive Cancer Center (USA). These reports showed that the main reasons for discontinuing ibrutinib were adverse events and disease progression. The most common side effects responsible for discontinuing ibrutinib were severe infections. An increased number of RT was also observed in such cases. 11, 12 Our analysis demonstrated that 22.4% (37 out of 165) of patients treated within the compassionate use ibrutinib program discontinued therapy after a median follow-up of 26 months. These findings are comparable to the reports on patients treated in clinical trials, where ibrutinib was discontinued in 26% and 24.6% of patients, respectively. 11, 12 Also consistently with these reports, 11, 12, 16 the most common reason for ibrutinib cessation was adverse events (54% of patients), where severe infections predominated. Notwithstanding, the Jain et al. study found that the median duration of ibrutinib treatment was significantly longer (13 months vs 4.4 months) than in our findings with no obvious differences in patient characteristics. 11 This could be partially explained by the fact that physicians exercise excessive caution to adverse events when using a new drug outside of clinical trials, as in the case of our report. The cause of severe infections associated with ibrutinib treatment in CLL patients is most probably multifactorial, involving pre-existing immune-suppression associated with the biological mechanisms of CLL and drug-induced susceptibility to infection. [17] [18] [19] Interestingly, the results of a recent meta-analysis concerning infectious complications of ibrutinib therapy for hematological malignancies have indicated a significant association between exposure to this drug and an increased risk of serious infections. 19 Therefore, carefully observing fever and other signs and symptoms of infection together with monitoring for neutropenia and searching for potentially responsible pathogens would enable an appropriate anti-infective therapy to be introduced early. Recognizing which CLL patients treated with BTK inhibitors are at a higher risk of developing infectious adverse events could be an important future challenge.
Although not occurring in our study group, a potential reason for discontinuation could also be atrial fibrillation. 20 It should therefore be stressed that discontinuing treatment in patients who develop atrial fibrillation when on ibrutinib therapy is not always necessary. In such situations, a thorough risk assessment for thromboembolic disease should be undertaken. In patients at high risk and where alternatives to ibrutinib are unsuitable, a strictly controlled treatment with anticoagulants should be considered. 21 Appropriate management of adverse events could thereby prevent premature discontinuation of therapy.
Disease progression was the reason for discontinuation in 14 (38%) of our patients including 8 patients (30%) with CLL progression and 3 patients (8%) with RT. It has been found that disease progression in CLL patients treated with ibrutinib has been attributed to the clonal evolution of CLL with acquired mutations in BTK (substitution of cysteine 481 with serine) and phospholipase C-γ2 (PLCG2) (S707Y, R6 65W and L845F) or histologic transformation (RT). 22, 23 Unfortunately, we did not assess the occurrence of resistance mutation because the biologic material from the time of relapse was unavailable.
Interestingly, the infiltrations of CLL into the CNS were observed in 2 patients. Central nervous system involvement is a rare complication in CLL and displays heterogeneous neurological symptoms. 24 The therapy for this rare event is still undetermined. Wanquet et al. observed good responses in patients with CLL infiltration of the CNS who were treated with ibrutinib (5-year OS was respectively 72% and 48% for treatment-naïve and previously treated patients). 24 Patients with relapsed or refractory CLL and confirmed CNS involvement during ibrutinib therapy had limited therapeutic options. However, prognosis seemed to be related to CLL characteristics rather than to the CNS infiltration itself. 24 The 2 nd type of progression that was observed in 3 of our patients was RT, which is generally found in about 2-10% of CLL patients. 25 Interestingly, it was reported that in patients treated with ibrutinib who progressed, RT may be particularly common. 23 It is still unclear if ibrutinib increases the risk of RT or if patients included in ibrutinib therapy constitute groups with poorer prognoses than the general population suffering from CLL. Current observations indicate that during ibrutinib therapy, progressive CLL occurred later than RT. In the Ahn et al. study, histologic transformation was limited to the first 15 months when on ibrutinib while progression due to CLL was diagnosed at a median of 38 months. 26 Maddocks et al. 12 likewise found the estimated rates of cumulative RT incidence at 12 months to be 4.5% (95% CI = 2.0-7.0%) and the estimated rates of the cumulative incidence of progressive disease due to CLL at 12 months to be 0.3% (95% CI = 0-1.0%). Our results are thus comparable, with 2 out of 33 patients with RT diagnosed in the 4 th month of ibrutinib therapy. In contrast to the majority of RT cases under ibrutinib, the RT in the 3 rd patient was diagnosed after almost 2 years of ibrutinib treatment.
Interestingly, in our analysis, all 3 RT patients were diagnosed with a Hodgkin variant of RT, a rare form accounting for 0.4-2.3% of CLL cases. 27 However, 2 recent case reports on patients with the Hodgkin variant of RT during ibrutinib therapy have been published. 28, 29 Their outcomes of therapy are superior to those of the more common RT in diffusing large B-cell lymphoma. 30 Nevertheless, patients with Hodgkin's lymphoma and RT who had received purine nucleoside analogs for CLL have very short survivals if treated with HL-type therapy. 31, 32 Interestingly, one of our RT patients responded favorably to intensive chemotherapy consolidated with alloSCT and remains alive at 13 months after transplantation.
Our data suggests that the survival of relapsed/refractory CLL patients who discontinued ibrutinib is poor. The median OS was 2.0 months (95% CI = 0.8-5.5) and did not differ significantly between patients who progressed and those who discontinued ibrutinib due to other causes. The results of available studies also confirm the unfavorable outcomes of this category of CLL patients. 11, 12, 16 However, in contrast to our findings, the largest study from the MD Anderson Cancer Center indicated that survival was significantly influenced by the reason of ibrutinib discontinuation. Patients who had progressive CLL had better survival compared with those who had disease transformation. 16 Additionally, Jain et al. suggested that one of the possible reasons for the poor salvage ability of patients who discontinued ibrutinib was a higher proportion of patients having 17p deletion (58% vs 25%) and unmutated IGHV (94% vs 74%) compared with patients who continued receiving ibrutinib therapy. 11 Also, our group contained a relatively high proportion of 17p deleted patients (7 out of 20 tested patients, 35%), but unfortunately the IGHV mutational status was not examined in any of the patients included.
Importantly, recent studies on new therapeutic options for this patient group have been performed. Patients who discontinued ibrutinib due to progression or toxicity had improved outcomes if they received venetoclax (ORR 79%) or idelalisib (ORR 46%) compared to immunochemotherapy. 33 Venetoclax, a selective BCL-2 inhibitor, was approved by the Food and Drug Administration in the USA in April 2016 for patients with previously treated del17p CLL on the basis of a single-arm, multicenter, phase II trial. 33 Based on the positive results of subsequent studies, extension for indicating its use is to be expected. [34] [35] [36] [37] Unfortunately, our patients did not have access to venetoclax.
Our analysis has confirmed that discontinuing ibrutinib therapy in patients with relapsed or refractory CLL is associated with poor prognosis. Elucidating the biological mechanisms of resistance in CLL as well as investigating new targeted therapeutic options such as venetoclax, are thus needed to improve treatment outcomes for this patient group.
